A new method for assay of sepiapterin deaminase (3.5.4.24) activity by use of high performance liquid chromatography (HPLC) was developed. By this sensitive method the enzyme activity in the cell organelle was assayed. After cell fractionation, the enzyme was extracted with deoxycholate from pteridine granules of epidermal cells of the lemon mutant silkworm. On stepwise sucrose gradient centrifugation, most of the enzyme activity localized in the aggregated pteridine granules fraction, while the soluble fraction contained only one fourth of the total enzyme activity. The enzyme in the granule fraction had the same properties as the previously reported sepiapterin deaminase. These data show that the enzyme is localized in pteridine granules in the living cells. The attachment of the enzyme to the granule membrane is rather loose and previous papers studied the enzyme released from the granules.
Introduction
There are many silkworm strains and mutants which exhibit a variety of larval colors and patterns. Black colors or patterns are due to melanin in the cuticle. Yellow and pink colors are due to pteridines and ommochrome in the form of sepialumazine and xanthommatin (1). An early report described that integument of normal type contained isoxanthopterin and leucopterin and that of lemon mutant contained additonal two yellow pigments (2) . One yellow pigment of the lemon silkworm was identified as sepiapterin (3) , and the second one as sepialumazine (4) . Later, sepiapterin was shown to be present only in the lemon mutant and a yellow pteridine, present in all the other strains and mutants, was identified as sepialumazine (1) . Sepiapterin deaminase which catalyzes the hydrolitic deamination of sepiapterin to form sepialumazine was first found (5) in the integument of lemon silkworm because the mutant lacked sepiapterin reductase (6) . The enzyme was purified 3300 fold and details of the properties of the enzyme have been reported. The enzyme is widely distributed in many tissues of the lemon silkworm (7) . Later, the enzyme was found in normal strains of the silkworm (8) . Xanthommatin, which is under hormonal control (9) , is widely distributed among many strains and mutants of the silkworm giving them brown or pink colors.
Large amount of uric acid is contained in silkworm integument, and this causes the normal larval skin to appear white and opaque. The amount of the uric acid is up to 11 % by dry weight (10) . Tamura studied many oily mutants of the silkworm which accumulate less uric acid and thus seem somewhat translucent to the eye. Some of the oily mutants had low activities of xanthine dehydrogenase activity (11) , and others had abnormal uric acid granule membranes (12) .
Tsujita and Sakurai noticed a large number of granules in the epidermal cells of the lemon silkworm and showed that the granules contained sepiapterin and isoxanthopterin, while the granules in normal type contained only isoxanthopterin. They also reported the occurrence of a sepiapterin binding protein (13) . They showed that sepiapterin, isoxanthopterin and uric acid were contained in the same granules and portion of these compounds were combined with proteins peculiar to these compounds (14) . During early stages of the fifth instar, ribosomes were attached to the granule membrane but decreased to zero on the 5th day of the instar (15) . Sakurai paid special attention to the granule membrane and described properties of the membrane protein and considered that the ribosomes attached to the membrane may be concerned with the biosynthesis of the membrane protein (16) .
Eye color of D. melanogaster is determined by pteridines and ommochromes . Many papers have reported pteridine and tryptophan metabolism in wild type and many eye color mutants (17) . Based on morphological observations during the late pupal stage both in the wild types and in many eye color mutants, Shoup found two kind of pigment granules in ommatidia cells of the insect. He postulated that pteridine and tryptophan metabolism take place separately in different granules, and that the first kind granule carried ommochromes while the second type carried drosopterin (18) . Our recent study lends support to his postulate. Epidermal cells of the silkworm mutant quail contain a new type of electron dense pigment granule in which xanthommatin was localized binding to protein (19) .
In the present paper we report that sepiapterin deaminase is localized in the pteridine granule in the epidermal cells of the silkworm mutant lemon . Sepiapterin, sepialumazine, isoxanthopterin and other pteridines are present in the granules together with uric acid.
Material and Methods

Analytical instrument
Fluorescent microscopic photographs were taken using an Olympus BHS-RFC type fluorescent microscope . Stepwise density gradient centrifugation was performed on a Hitachi centrifuge type SPC55H with a RPS 40T or 55T rotor. A model 655A-11 pump by Hitachi was used for HPLC. A L-3000 Photo Diode Array Detector by Hitachi, and a UVIDEC-l00-III or VI and a FP-ll0 by lasco were used for HPLC detector. Pteridines and uric acid were determined by recording chart peaks on a model 0-2500 chromato integrator by Hitachi.
Experimental animals
Lemon mutant larvae of the silkworm, Bombyx mori, were reared routinely on mulberry leaves at 25 0c.
On the fifth day of the fifth instar, the larvae were dissected with scissors and separated integuments were washed quickly with tap water. After the integuments were blotted with filter paper, they were frozen at 30 "C until use.
Electron microscopy
Pieces of the larval integument were fixed overnight at 4 "C in 2.5% (g j dl) glutaraldehyde containing 0.1 M potassium phsophate buffer, pH 7.4. After the samples were washed twice with 5% glucose containing the same buffer at 4°C, they were profixed in 1 % osmium tetraoxide through a graded series of ethanol concentrations, and embedded in epoxy resin. Ultrathin sections were cut to a thickness of 70 nm with Reichert-lung Ultracut OmU4 and then they were stained with uranyl acetate and lead citrate. Micrographs were obtained at 60 kV with a lEM-1200EX electronmicroscope.
Sepiapterin deaminase assay by HPLC
In previous papers sepiapterin deaminase activities were assessed by a photometric method . Because sepiapterin and sepialumazine have similar absorption Conditions were as follows: Column system: Asahipac GS-320H (7.6 x 250 mm), 10% acetonitrile containing 10 mM potassium phosphate buffer (PPB) pH 7.0. Flow rate, 1.0 ml/min, detected by absorbance at 420 nm. spectrum in both visible and ultraviolet ranges, and the previous method required large amounts of the substrate, in the present study a HPLC method for assay of the enzyme activity was developed . This method is very sensitive and requires lower amounts of both substrate and enzyme. The assay method was as follows: The standard reaction mixture contained the following components: potassium phosphate buffer pH 8.0, 5 f.l.mol ; sepiapterin 40 nmol ; enzyme as indicated, in a final volume of 100 f.l.l. After the mixture was incubated at 25°C for to min, a liquots were directly injected into HPLC column . Enzyme activity was determined by the amounts of sepialumazine formed. HPLC elution profile of the reaction mixture is shown in Figure 1 . The linear relation between the enzyme activity and the amount of protein is shown in Figure 2 . The linearity was kept within 150 units of the enzyme. This enzyme was rather stable and the activity was proportional to time within 30 min. One unit of enzyme activity was defined as 1 pmol of sepialumazine formed per min per 100 f.l.1 of the reaction mixture.
Chemicals
Commercially available sepiapterin was dissolved in water and purified by passing through a Phosphorus Seph adex (P-Sephadex) column with water. The pigment fraction was concentrated to a small volume and recrystalized from water. Sepialumazine was synthesized enzymatically (6) . Pterin, isoxanthopteri n, L- erythro-biopterin and other pteridines were kind gifts from Prof. Matsuura of Nagoya University. Other chemicals were commercially available.
Protein determination
Protein was determined by the method of Lowry et al. (20) with bovine serum albumin as the standard.
Results
Morphological observation of pteridine granules in the epidermal cell of the lemon silkworm
Epidermal cells lying in a single layer just under the cuticle were observed by a light microscope. In Figure  1 (A) we can see a large number of pteridine granules in the cells. The same cells were observed using a fluorescent microscope with BP440 and AFC+ Y475 filters for excitation and emission light respectively. As shown in Figure 1 
Stepwise sucrose density gradient ultracentrifugation ()f epidermal cells
Integument from 60 individuals was thawed and the epidermal cells were collected carefully with forceps. Cells weighing 4.7 g were homogenized by a Teflon homogenizer in 800 f.l.1 of 10 mM potassium phosphate buffer (PPB), pH 7.0, containing 250 mM EDTA using ten strokes. The homogenate was layered in centrifugation tubes containing sucrose concentrations of 2.5, 1.5, 0.5 M. After stepwise ultracentrifugation was conducted at 18000 g for 30 min, granules were fractionated as shown in Figure 2 . Fraction A was the soluble fraction , fraction B contained single cell organelles such as mitocondria , some pteridine granules. Fraction C contained aggregated pteridine granules and fraction 0 highly aggregated pteridine granules. After fraction A was ultracentrifuged at 105000 g , the supernatant solution termed the soluble fraction . Fraction B, C a nd 0 were washed twice with 0.25 M sucrose. Then each 1, 3, 10 ml of 10 mM PPB, pH 7.0, containing 1 % sodium deoxycholate (DOC) was added to the fractions and stirred overnight at 4°C so that the biomemranes could easily be decomposed. Each fraction was homogenized with a glass homogenizer for 10 min and centrifuged at 30000 g for 20 min. The enzyme was again extracted from the precipitate by homogenizing with a half volume of the first extraction and centrifuged . Combined supernatants were dialyzed overnight against 10 mM PPB to remove DOC. The pteridine granule tended to aggregate and there was negligible activity of the enzyme in fraction B, and majority of the enzyme activity was located in fraction D. After sepiapterin deaminase activity in each fraction was determined, protein in the fractions , except B, were precipitated with ammonium sulphate between 47 to 74% saturation. The protein was dissolved in 10 mM PPB and dialyzed against 2L of the same buffer. Total activity of the enzyme in the fractions is presented in Table 1 . As seen in the Table, most of the enzyme activity was localized in aggregated pteridine granules, and only one fourth was found in so luble fraction A.
Comparison of properties of granule attached enzyme with soluble sepiapterin deaminase
To confirm that granule attached enzyme has the same properties as the previously described soluble sepiapterin deaminase, some properties of granule attached enzyme were examined.
The enzyme showed optimal actIvIty at pH 8.0 in both phosphate buffer and Tris-HCI buffer. This is identical to that of the soluble enzyme (7). The granule enzymer is competitively inhibited by 2-amino-4-hydroxypteridine and non-competitively by p-chloromercuribenzoate as shown in Figure 3 . Based on the data, Ki values of 3.5 x 10 -5 and 8.0 x 10-4 M were calculated respectively and these coincide with previously described values (6, 7) . All strains of silkworm tested had sepiapterin deaminase activity indicating that the enzyme may be essential for the insect. The enzyme had variable isoelectric points between 6.0 and 6.7 at constant intervals of pH 0.1. Some strains had a single protein while other strains had two or three isoenzymes according to their genetic background (20) . Isoelectric points of the present enzyme as determined by a previously described method (20) were at 6.7, 6.6 and 6.5 as shown in Figure 4 and were identical with those extracted from the same lemon strain as previously described . Ratios of activities among these three isoenzymes for both granule dependent enzyme and soluble enzyme were very similar as shown in Table 2 . These data indicate that the previously reported soluble sepiapterin deaminase occur attached to pteridine granules in intact cells. 
Pteridines and uric acid contained in the aggregated granule fraction
From fraction D of Figure 2 (highly aggregatedpteridine granule), sepiapterin, sepialumazine, isoxanthopterin, biopterin, neopterin, leucopterin and uric acid were identified by HPLC. Yellow pteridines were detected by absorbance at 420 nm, other pteridines were detected by fluorometry (excitation at 350 nm, emission at 450 nm). Three different HPLC column systems were utilized . They were Asahipac ODP-50, Whatman SCX and Asahipac GS-320H . By these HPLC systems the pteridines contained in the granules showed similar retention times with those of authentic samples, and mixtures of the granule extract and authentic samples showed single peaks at the retention times as shown in Table 3 .
Fluorescent intensity of leucopterin was very weak and in the three HPLC systems retention times of the compound were near to those of isoxanthopterin. The isoxanthopterin fraction of Asahipac GS-320H column eluted with 10% acetonitrile-PPB system was concentrated to a small volume and analyzed by thin layer chromatography. By 4 different solvent system the natural substance and authentic leucopterin were identical in Rf values and color (Table 4) . These data support the early description of Aruga et at. (2) who reported the occurrence of leucopterin in the integuments of the silkworm.
Detection ot' biopterin in the integuments of lemon silkworms
The occurrence of biopterin in the lemon silkworm was not expected because the mutant lacks sepiapterin reductase (5, 7, 24 
.27
(1) Asahipac ODP-50 developed 10% methanol (0.7 ml /min) -(2) Whatman sex de\cloped 10 mM PPB pH 7.0 (1 ml min) - can not deal with large amounts of starting material, we tried to detect biopterin directly in the integument of the lemon silkworm. Fifty grams of integument were cut with scissors and with 10 volumes of 50% ethanol with a Waring blender for 5 min and heated on a boiling water bath for 20 min to extract pteridines. After the homogenate was centrifuged, a second extract was performed using a half volume of the same solvent and centrifuged. After the combined supernatant was concentrated to a small volume, the solution was passed through an ECTEOLA-cellulose column (pH 7.0, 4 x 28 cm) with water. Because the content of biopterin was low and we could find no blue fluorescent band, biopterin was monitored by HPLC by observing the sepiapterin band, which must run just slightly move slowly. After the biopterin fraction was collected and concentrated to a small volume, it was placed on top of P-Sephadex column (1.5 x 24 cm) and eluted with water. Blue fluorescent biopterin which run later than sepiapterin was collected and concentrated to a small volume.
This partially purified biopterin fraction was injected into a HPLC column of Asahipac GS-320H and developed (1 ml/ min) with 10% methanol containing 10 mM PPB pH 7.0 and detected by its blue fluorescence. The retention time of the peak was 12.5 min and was identical with authentic biopterin. Simultaneously the ultraviolet absorption spectrum was recorded, two peaks were observed at 275 and 355 nm and these were identical with those with an authentic sample recorded under the same conditions. Calculating from its fluorescent peak area, the content of biopterin was 1 nmol/ 50 g integuments. Based on these data we believe that integument of lemon silkworm contains a small amount of biopterin despite its lack of sepiapterin reductase.
Localization of pteridines and uric acid in the granules
From the integument of 30 individuals, epidermal tissue was collected and granules were fractionated by stepwise sucrose density gradient ultracentrifugation as described above. was washed twice with 0.25 M sucrose, pteridines were twice extracted by a glass homogenizer into the same volume of the same buffer described in enzyme extraction. Because fraction C and D contained large amounts of uric acid, each 3 and 7 ml of 1 N NaOH were added respectively to the precipitates of the second extract for complete extraction of the compound. Pteridines and uric acid contained in each fraction were assayed by HPLC. We found negligible amounts of pteridines in fraction B. As shown in Table 5 , most pteridines were localized in the granule fractions. Probably because the biomembrane of the granules is fragile, it may be broken during homogenization even by a Teflon homogenizer, and pteridines found in the soluble fraction might be due to (12) . This observation indicates uric acid is contained in the granules. In Table 5 if uric acid is regarded as a standard, 30% of the granules may be broken during the operation. A small percentage of isoxanthopterin found in soluble fraction may be significant. Occurrence of isoxanthopterin binding protein in the granules of epidermal cells of the silkworm has been reported (14) . The pterin binding protein might have higher affinity for the granule membrane than that of isoxanthopterin for the membrane. The present study supports the early report that pteridines and uric acid are present in the same granules (22) .
Discussion
The occurrence of sepiapterin deaminase has been reported only in the silkworm. Our previous papers regarded the enzyme as a soluble enzyme and we took it for granted that it was localized in the cytosol of epidermal cells, because the enzyme could be easily extracted in a Waring blender. The present study suggests that the enzyme is localized in pteridine containing granules in the native state. The enzyme may not exist inside the granule in a soluble state, because substrate sepiapterin was also contained in the granules. The enzyme protein may be part of biomembrane itself or be combined with it. The present study shows that the membrane of the granule may be fragile and association between membrane and the enzyme protein seems to rather loose.
Tsujita and Sakurai (23) isolated granules by homogenizing epidermal tissue of the lemon silkworm with 2.8 M sucrose and by diluting the supernatant with water to 1.4 M . They regarded the precipitate of the second centrifugation as pteridine granules. We reproduced their experiments and found pteridine granules in the other fractions as well. However our conclusions were the same as theirs that pteridines and uric acid were present in the same granules. Tsujita and Sakurai (14) reported the occurrence of a sepiapterin binding protein in the epidermal cells of the silkworm. In our present study, appreciable amounts of the pigment protein were not detected . We postulate that they confused sepialumazine for a pigment protein, because the occurrence of sepialumazine was not known at that time, and sepialumazine behaved on a Sephadex column as if it were a high molecular compound. However, the occurrence of small amounts of sepiatperin binding protein can not yet be discounted.
In the present paper the occurrence of biopterin in epidermal cells of lemon silkworm is reported. This is not expected from our enzymological knowledge at present. This fact may suggest the presence of an unknown enzyme in the silkworm. In spite of a lack of sepiapterin reductase, viability of lemon mutant was comparable with that of normal silkworm (24) . This fact is worth future study.
Sepiapterin reductase was reported to be localized in the cytosol both in horse liver and in rat erythrocyte (25, 26) . In the future some of the enzymes which catalyze metabolism of pteridines might be shown to be localized in cell organelles in certain tissues of some organisms. In the present study we give evidence that sepiapterin deaminase is localized in pteridine granules, the final proof awaits immunochemical electron microscope studies.
